Risk management is now present in many economic sectors. This paper investigates the role of risk management in creating value for financial institutions by analyzing U.S. property-liability insurers. Property-liability insurers are financial intermediaries whose primary role in the economy is risk pooling and risk bearing. The risk pooling and risk bearing functions performed by insurers are the primary determinants of the need for risk management. The main goal of this paper is to test how risk management and financial intermediation activities create value for insurers by enhancing economic efficiency. Insurer cost efficiency is measured relative to an econometric cost frontier. Since the prices of risk management and financial intermediation services are not observable, we consider these two activities as intermediate outputs and estimate their shadow prices. The shadow prices isolate the contributions of risk management and financial intermediation to insurer cost efficiency. The econometric results show that both activities significantly increase the efficiency of the property-liability insurance industry.
Introduction
Risk management is now present in many economic sectors. Although perfect markets finance theory provides little rationale for widely held firms to expend resources to hedge unsystematic risk, various market imperfections create opportunities for such firms to maximize market value through hedging. The principal market imperfections that motivate corporate hedging are corporate income taxation (Smith and Stulz, 1985; Graham and Smith, 1999; Graham and Rogers, 2002) , financial distress costs (Smith and Stulz, 1985; Dionne and Garand, 2003; Dionne and Triki, 2004) , investment opportunity costs (Froot, Scharfstein, and Stein, 1993; Froot and Stein 1998) , information asymmetries (DeMarzo and Duffie, 1991) , and corporate governance considerations (Dionne and Triki, 2005) . Firms also engage in hedging for non-value-maximizing reasons such as managerial risk aversion (Stulz, 1990 , Tufano, 1996 Triki, 2005) .
For financial firms, matters are more complicated because the customers are also concerned about risk exposure. Banks are heavily regulated because the managers' behavior may affect the risk of the depositors and even the entire financial system (Crouhy, Galai, and Mark, 2000; Dionne, 2004; Morisson and White, 2005) . Insurers are also regulated for similar reasons to protect policyholders against insolvency (Cummins, Phillips, and Smith, 2000) . Policyholders and depositors cannot diversify their risk by using many insurers or banks because this is costly, and they do not perfectly monitor the managers of these institutions because monitoring is costly and requires specialized expertise. Moreover, the existence of government deposit insurance and insurance guaranty funds reduce incentives for monitoring and creates moral hazard. This form of moral hazard may explain the risk taking behavior of managers in both industries. Monitoring by customers is also impeded by the opacity of key financial statement items such as bank loans and insurance loss reserves. Risk capital is another form of protection (Merton and Perold 1993) . But this is costly and a role for risk management is to reduce risk capital.
The objective of this paper is to provide new information on the role and importance of risk management in financial institutions by analyzing a sample of firms from the U.S. property-liability insurance industry. Insurers are financial intermediaries who borrow money from their policyholders in the form of premium payments and invest the funds raised in financial assets. Thus, financial intermediation is one important activity that generates value for insurers. An equally important economic function of property-liability insurers is to provide risk pooling (diversification) and risk bearing services to their policyholders, and these services are a primary driver of the need for risk management. Moreover, both insurer assets generated by the intermediation function and liabilities generated from the risk pooling function are sensitive to inflation and interest rates, creating the need for asset-liability (interest rate risk) management.
The main objective of this paper is to test how risk management and financial intermediation activities create value for insurers by enhancing economic efficiency. We argue that risk management and financial intermediation are two activities that may be used by insurers to improve efficiency, where efficiency is gauged by the capacity to reduce the costs of providing insurance. We measure insurer efficiency by estimating an econometric cost frontier. Because risk management and financial intermediation are key activities for insurers, we treat these activities as endogenous. And, because the prices of risk management and financial intermediation services are not observable, we consider these two activities as intermediate outputs and estimate their shadow prices. The shadow prices are then used to isolate the contributions of risk management and financial intermediation to insurer cost efficiency, as measured by their capacity to reduce costs.
Another contribution of the paper is to develop a theoretical model of value-added in the property-liability insurance industry. This is important because output estimation for financial services firms has been based primarily on the value-added approach in the recent literature. Our model represents a significant extension and generalization of prior models of value-added in the insurance industry by including insolvency risk and explicitly adding risk management as part of value added. The final important contribution of this paper is related to the econometric estimation of the cost frontier. Our econometric methodology, borrowed from the exhaustible resources literature (Halvorsen and Smith, 1991; Chermak and Patrick, 2001) , enables us to estimate the shadow prices of risk management and financial intermediation. By way of preview, our econometric results show that both activities increase significantly the efficiency of the property-liability insurance industry in the United States.
The remainder of the paper is organized as follows. Section 2 reviews the literature on efficiency and performance measures in property-liability insurance. Section 3 analyses outputs of insurers related to risk-pooling, financial management and risk management as components of the insurance industry valueadded. Section 4 proposes the econometric model and estimation method, while Section 5 presents the data and variables. Section 6 analyses the main results and Section 7 concludes.
Literature review
An extensive literature has developed on the efficiency of financial institutions. A review of the literature a decade ago identified 130 financial institution efficiency studies, and the literature has continued to grow. (Berger and Humphrey, 1997) . Cummins and Weiss (2000) review twenty-one insurance efficiency studies over the period 1983-1999, and there have been an approximately equal number of studies since that time.
The state-of-the-art methodology for efficiency estimation is modern frontier efficiency analysis (Fried, Lovell, and Schmidt, 1993) . Modern frontier efficiency analysis estimates "best practice" efficient frontiers consisting of the dominant firms in an industry. The efficiency of other firms in the industry is measured relative to the frontiers. Various types of efficient frontiers can be estimated including production, cost, revenue, and profit frontiers. Two principal methodologies have been used to estimate frontiers: (1) Stochastic frontier estimation using parametric econometric models and (2) non-parametric estimation methods such as data envelopment analysis (DEA). Both methods have advantages and disadvantages, but comparative analyses have shown that they tend to give consistent results when applied to the same dataset, in terms of ranking firms by their relative efficiency (Cummins and Zi, 1998; Casu, Girardone, and Molyneux, 2004) . We adopt the econometric approach in this paper because it facilitates the estimation of shadow prices for financial and risk management.
Most of the existing insurance efficiency studies utilize the estimated efficiencies to test various economic hypotheses. Insurance efficiency studies have been conducted to test for economies of scale (Cummins and Santomero, 1999; Cummins and Xie, 2005) , economies of scope , and the relative efficiency of product distribution systems (Berger, Cummins, and Weiss, 1997; Klumpes, 2004) . Other studies have considered deregulation and consolidation (Cummins and Weiss, 2000b; Mahlberg and Url, 2003; Cummins and Rubio-Misas, 2006; Hussels and Ward, 2006) , capital utilization (Cummins and Nini, 2002) , and organizational form (Cummins and Zi, 1998; Cummins, Weiss, and Zi, 1999; Cummins, Rubio-Misas, and Zi, 2004; Greene and Segal, 2004) . The relationship between market structure and performance has been investigated by Ennsfellner, Lewis, and Anderson (2004) , Choi and Weiss (2005) , and Fenn, et al., (2006) . There have been approximately an equal number of studies on the life and property-casualty (non-life) insurance industries.
Perhaps surprisingly, none of the existing insurance efficiency studies considers risk management as a potential determinant of firm performance, although some studies have considered the importance of solvency risk and overall capitalization (leverage) (e.g., Cummins and Nini, 2002) . Several papers have analyzed insurer risk management using other methodologies. Staking and Babbel (1995) analyze the relationship between capital structure, interest rate risk, and market value for U.S. property-liability insurers. The results indicate a non-linear relationship between firm value and interest rate risk and support the hypothesis that insurers manage interest rate risk to protect their franchise values. Cummins, Phillips, and Smith (2001) analyze the determinants of the use of derivatives by insurers and find evidence consistent with the hypothesis that insurers are using derivatives to manage risk. However, they do not test the relationship between derivatives usage and insurer financial performance. Thus, an important contribution of the present study in comparison with the previous literature is the explicit consideration of risk management as a determinant of firm performance using cost structure analysis.
Likewise, although most of the prior literature treats insurers as financial intermediaries, none of the prior studies has attempted to estimate the shadow price of the financial intermediation function.
The lack of prior research in this area is partially due to data limitations -the detailed data needed to measure risk management activities with any precision are not yet available to researchers studying European or Asian insurance companies. Although more detailed data are available on U.S. insurers, some of this information was not available electronically until very recently. We take advantage of the more detailed U.S. data, including the recently released electronic databases on certain types of insurer risk management activities, to measure the effects of risk management on firm performance. Our database is described in more detail below.
Although there have been no studies of the insurance industry that explicitly consider the relationship between risk management and firm efficiency, there have been a few studies on banking and non-financial industries that attempt to make the connection between risk management and performance.
However, few of these studies have examined risk management in the context of frontier efficiency analysis. For example, Brewer, Jackson, and Moser (1996) analyze the use of derivatives by U.S. savings and loan associations (S&Ls) and find evidence that S&Ls use derivatives to manage risk -equity return volatility is inversely related to the level of derivatives activity and derivative users pay a lower rate on large certificates of deposit than non-users. Schrand and Unal (1998) , in a study of demutualizing savings and loans, show that converting thrift institutions use hedging to reduce exposure to risks that provide zero economic rents (such as interest rate risk) and to increase exposure to risks that provide positive rents (such as credit risk). Drzik (2005) provides evidence that bank investment in risk management during the 1990s helped reduce earnings and loss volatility during the 2001 recession. Cebenoyan and Strahan (2004) find evidence that banks engaging in active management of credit risk exposure through the loan sales market have lower risk and higher profits than other banks.
Several studies have analyzed the risk management-performance relationship for non-financial firms. For example, Allayannis and Weston (2001) analyze the use of foreign currency derivatives (FCDs) by nonfinancials and find a positive relationship between firm value and the use of FCDs. Nelson, Moffitt, and Affleck-Graves (2005) find that nonfinancial firms that hedge using derivatives outperform non-hedgers but that the effect is primarily due to the use of FCDs by relatively large firms. Finally, Jin and Jorion (2006) find that risk management has no effect on oil industry firms' market value, and Dionne and Triki (2006) verify that risk management in the gold mining industry increases returns on assets.
Another important strand of the banking literature emphasizes the importance of including nontraditional outputs such as off-balance sheet (OBS) activities as well as controls for risk in estimating bank efficiency (e.g., Mester, 1996; Stiroh, 2000; Hughes, et al., 2001; Clark and Siems, 2002; Girardone, Molyneux, and Gardener, 2004; Casu and Girardone, 2005; Pastor and Serrano, 2005) . These studies show that failing to account for non-traditional outputs and for risk can lead to misleading efficiency estimates and thus reinforce the argument for controlling for such factors in the present study. However, this set of papers generally does not focus on the relationship between risk management and efficiency.
Insurer value-added
We treat risk management as an answer to policyholders' demand for reducing solvency risk related to insurance contracts. We do not consider other determinants of risk management such as taxes, financial distress costs, investment financing or managers' risk aversion (Cummins, Phillips, and Smith, 2000) . In other words, in our model only the clients' risk aversion explains risk management. Without any insolvency problems, the risk premium a representative insured is willing to pay over the actuarial value of the contract is given by the solution to the following equation:
where is initial wealth of the insurance buyer, L measures a given loss for the insured,
corresponding density, and L is the maximum possible value of loss. The left hand side is the noinsurance situation and the right hand side corresponds to the insurance situation, assuming there is full 
A private monopoly will extract the entire surplus R π . Under competition, however, the monopoly rent will be nil and the insurance surplus will be split between the policyholders and the insurer.
If we introduce the possibility of insurer insolvency to the insurance contracting problem (Doherty and Schlesinger, 1990; Doherty and Dionne, 1993 ) and continue to assume, for a moment, that the insured still buy full coverage for the insurable loss when he is compensated by the insurer and receives no coverage when a solvency problem occurs, the corresponding total risk premium solves the following equation: here that the insured buys full insurance for the insurable risk, which is a possible solution (Doherty and Schlesinger, 1990 ). This assumption is not necessary to get S R π π > .
There are different types of output measures in the insurance literature . In this study, we use the value-added approach (Berger and Humphrey, 1992) , which is the most widely accepted approach in the financial institutions literature. Under this approach, the output measure has four components: a) risk-pooling or direct insurance coverage; b) risk-bearing or risk management; c) financial management, and d) financial services related to insured losses . In this paper, we emphasize the first three components; but our output measures (discussed below) also provide excellent proxies for the fourth.
If we limit the discussion, for the moment, to the risk-pooling component without solvency risk and intermediation, we can measure the corresponding value-added by the difference between the insurance premium and the insurance output. As shown in (1), risk averse insureds are willing to pay R π over the expected losses to get insurance coverage.
We can write the competitive insurance premium ( ) P P as:
where:
Q is the expected insurance compensation, under full insurance above a deductible;
e q is the insurer expenses as a proportion of expected compensation;
E is total equity; r e is the return required by equity holders to invest in the insurance industry; 0 r is the risk-free interest rate required by policyholders.
So, the corresponding value-added can be written as:
or, equivalently, as:
which corresponds to the fraction of the risk premium available to the insurance industry under competition. It is equal to the insurer expenses for direct insurance plus the investment return on equity.
Insurers can improve this added value by offering more insurance at a lower cost.
The corresponding price of insurance for risk-pooling is then equal to:
This price is observable or measurable. We may add the intermediation component by defining where m is the net interest margin received by the insurer for performing the intermediation function, is the required interest rate by policyholders under market risk ( ) , and is the investment return obtained from the financial intermediation function. We still assume here that there is no solvency risk and, to simplify the notation, the financial intermediation expenses are included in . The corresponding total value-added for risk pooling and financial intermediation can be written as :
The intermediation function creates additional added value via two effects: and when m > 0 or when the required return by policyholders is smaller than the investment return . One contribution of this paper is to add explicitly the risk-bearing or risk management component to this definition. If we now assume that the policyholders value the security offered by insurers that hold capital to cushion unexpected losses and investment shocks due to random interest rates, for example, this means that the value-added of insurance should contain an extra source. We can introduce this extra source by supposing that the expected compensation is random without risk management activities by the insurer. For example, the expected compensation can be written as ( ) 
where e hq is insurer expenses including the risk-management activity ( ) = + hh e e he and is the required interest rate by policyholders under market and solvency risk. We implicitly assume that it is optimal for the equity holders to manage this additional risk on security markets (so is not modified).
Insurer expenses are not subject to solvency risk, i.e., the solvency risk occurs at the end of the contracting period after all expenses 
which is the value added from intermediation, plus the value added from risk-pooling, plus the value added from risk management. ( ) c h measures cash outflows that can be paid for some risk management activities such as reinsurance or consultant services. In the Appendix, we derive explicitly equation (7).
For property-liability insurers, it is usually possible to measure the risk-pooling insurance output and its corresponding price, as given in (4). Matters are much more complicated for the financial intermediation and risk management activities. To solve this problem, we propose to treat these two activities as intermediate outputs that have separable quantities of inputs from those used in the riskpooling activity. So we will be able to estimate the shadow prices of both the financial intermediation and the risk management activities. The financial intermediation intermediate output will be measured by the invested assets, while the risk management intermediate output will be associated to the dollar duration of surplus (insurer equity capital) defined as the difference between the dollar duration of assets and the dollar duration of liabilities. By dollar duration we mean duration in years times monetary value. High risk management output will correspond to small dollar duration surplus. We know this is limited to a first-order approximation but it corresponds to a good proxy of risk management.
With the above formulation of risk management, its benefits are not limited to the increase in firm value but are also transferred to the policyholders. One interesting result will be to test whether the presence of risk management improves the efficiency of insurance-pooling and reduces its costs.
Econometric Model and Estimation Method
We assume that insurance services ( ) 
where Z is a vector of control variables which may contain quasi-fixed inputs, and T represents time (for simplicity, we omit the time and firm subscripts). R and F are the intermediate outputs representing risk management and financial intermediation activities.
The technology associated with the production of risk management is defined as:
where R X are inputs used in the production of risk management. Similarly, the technology associated
where F X are inputs used in the production of financial intermediation.
Under the assumption that insurance firms are cost minimizers, and that , Q R , and are predetermined, the restricted cost function associated with the technology described by (8), (9) and (10) is: 
and
Since the exact functional form of the restricted cost function defined by (11) is unknown, we use the well known translog approximation which is given by: (14) is estimated again by ML. At the end, proper test statistics for each estimated parameter of the model are computed from these 5,000 estimates. . A higher shadow price for a specific insurer (compared to other insurers) indicates the potential cost reductions that could be realised by increasing risk management or financial intermediation activities. A shadow price near zero indicates that an insurer has already internalized the benefits of risk management and financial intermediation into its cost structure. A negative shadow price would be an indication of an over production of risk management or financial intermediation activities.
Finally, the relative residual efficiency of each firm in the sample can be computed using the stochastic part of the cost function. This is the efficiency that cannot be attributable to any specific input or intermediate output. Two efficiency measures are used. The first one is analogous to the measure proposed by Berger (1993) :
It defines relative efficiency as the ratio of the minimum cost needed (costs of the fully efficient firm) to the actual costs expanded. To measure the relative efficiency of insurance firm i, we also consider relative inefficiency defined as the ratio of the actual costs expanded to the maximum cost needed (costs of the fully inefficient firm). Under the alternative definition efficiency is given by:
Data and Variables

Data
The primary database for our project consists of the regulatory annual statements filed by U.S.
property-liability insurers with the National Association of Insurance Commissioners (NAIC). We use data for all property-liability insurance firms that report to the NAIC for the period 1995 through 2003.
However, we eliminate reporting firms showing negative surplus, assets, losses or expenses. Such firms are not viable operating entities but are retained in the database by the NAIC for regulatory purposes such as the resolution of insolvencies. Because insurers formulate investment and risk management strategies at the overall corporate level, our analysis focuses on groups of insurers under common ownership and unaffiliated single insurance firms. Data for insurance groups are obtained by aggregating the data for affiliated insurance firms which are members of the group. The resulting sample consists of 9,854 observations for the 9-year period.
Our analysis is limited to multiple line insurance firms reporting strictly positive output in each of the four lines of insurance business: long-tail personal, short-tail personal, long-tail commercial and shorttail commercial, where the length of the tail refers to the length of the claims payout period for the line of business.
3 However, for robustness and industry representation results, we also consider a larger sample of firms obtained from the aggregation of the four outputs into only one. In that case, only insurance firms with non-strictly positive total output were deleted. Also, insurers reporting negative input prices or surplus duration have been deleted. Our final samples consist of 9,129 observations for 9 years when we use a single total output, and 3,303 when we use outputs from four lines.
Although the restriction of the smaller sample to insurers with strictly positive outputs in all four lines reduces the sample size, most of the firms eliminated are small specialist firms. In fact, the sample of firms with strictly positive output in all lines accounts for about 84 percent of total industry premium volume in 2003, and the larger sample based on the single output accounts for about 93 percent of total premiums. Thus, because the use of four outputs is likely to give more reliable results and because most of the firms eliminated by the strictly positive output criterion are small specialists, our preferred results are based on the smaller sample of firms active in all four major output categories.
Variables
Intermediate Outputs
The quantity of output associated with financial intermediation activities is invested assets (Invested Assets). The dollar duration of the surplus (Asset-liability Risk) is used as a proxy of the quantity of output associated with risk management activities. 4 The dollar duration of the surplus is defined as: . We use data from schedule D of the National Association of Insurance Commissioners (NAIC) insurance regulatory statement to compute the duration of each security owned by the insurance firm as of December 31. For each bond, we estimate the implied yield to maturity from the reported statement value and then we calculate the duration. We consider preferred stocks as perpetual bonds to calculate their duration. We assume that the duration of common stocks is equal to the duration of S&P 500 (Staking and Babel, 1995) . The duration of the S&P 500 is computed as the duration of perpetual bonds. Finally, we measure the duration of invested assets as the value weighted duration of all securities, including cash with nil duration.
To calculate the effective duration of liabilities, we proceed in four steps. In the first step we use the cumulative paid losses and allocated expenses from schedule P part 3 of the NAIC insurance regulatory statement to estimate the cash flows patterns. 5 In the second step, we estimate the real value of the future payments. 6 The third step consists in an inflation adjustment of the future payments to take account of the fact that insurers hold reserves in nominal value. 7 In the last step, we discount the future payments and we calculate the effective duration. 8
Output Quantities and Output Prices
Output quantities are calculated every year for each business line: Long-tail personal, Short-tail personal, Long-tail commercial and Short-tail commercial. We also use a measure of aggregated output (Total Output) which is the sum of the four outputs. For a subset of data with the aggregated output, we add two qualitative variables to account for the insurer's output characteristics. The first qualitative variable is the output of personal lines as a proportion of total output (Proportion of personal). The second qualitative variable is the proportion of long-tail lines in total output (Proportion of long-tail). The output quantity for a given year t is defined as the present value of incurred losses arising only from the exposure related to the premiums written during the year t. Losses paid during the year t but arising from exposures related to the premiums written during previous years are not included in the year's t output 5 We deflate the paid losses each year to the real 1995 values based on the consumer price index (CPI). We adopt the chain ladder method to estimate the percentage of ultimate losses that is paid in each development year (Taylor 2000) . Because the payout pattern differ between the principal types of insurance's business, we estimate a different chain ladder parameter for personal lines long-tail losses, personal lines short-tail losses, commercial lines long-tail losses and for commercial lines short-tail losses. In each year, we estimate the same chain ladder parameters for the whole property-liability insurance industry. 6 We determine the real values of incurred losses by accident year as the sum of the real values of unpaid losses and the real value of paid losses. Then we applied the chain ladder parameters found in the first step to calculate the real value of losses that will be paid in the future development years. 7 We assume that inflation and risk free interest rates are linearly correlated. Thus, the future movement of interest rates will affect the future claim payouts. We use the U.S. Treasury yield curves obtained from the Federal Reserve Economic Database (FRED) as the risk free interest rate term structure. We use Hull and White (1990) term structure model to simulate 1000 paths of interest rates movement. We utilize inflation paths to calculate the inflation adjusted value of future losses. The chain ladder method allows us to determine the loss cash flow patterns for ten years. If the sum of all the inflation adjusted future payments is less than the real value of unpaid losses, we assume that the rest will be paid during the eleventh year. 8 To determine the effective duration in a last step we need to calculate the present value of future payments in three ways as in Ahlgrim, D'Arcy and Gorvett (2004 
Inputs
Insurance firms use six different inputs: administrative labour services, agent labour services, risk management labour services, materials and business services, debt capital, and equity capital The price associated with debt capital (Debt Price) is defined as the required return by policyholders. This required return is a function of the credit quality of the insurer and the expected waiting time between accident occurrence and claim payment. We compute Debt Price for each insurance firm as the annualized interest rate equivalent to the rate on the term structure corresponding to the firm's credit quality and with maturity equal to the effective duration of the insurer's liabilities. This produces a different price for each insurance firm varying by its credit quality and its liability's effective duration.
10
The price associated with equity capital (Equity Price) is defined as the required return by equity holders. We use the Fama-French three-factor model to estimate the required returns for listed insurance firms on financial market. 11 We assume that listed and unlisted insurers that have the same credit quality also have the same required return on equity. In other words, we categorize insurers by debt quality and take an average within each debt rating of the Fama-French cost of capital.
Total costs (Costs) are computed as the sum of total expenses (net of loss adjustment expenses) and the cost of capital. The cost of capital is the sum of the cost of equity capital and the cost of debt capital. 12 The equity capital (Equity) is defined as the sum of policyholders' surplus and the redundant statutory liabilities (excess of statutory over statement reserve, unauthorized reinsurance plus the unearned premium reserve). The debt capital (Debt) is defined as the sum of loss reserves plus the unearned premium reserve.
Other Variables
Yearly dummy variables (Year96-Year03) are used to take into account of time. Also, a set of other dummy variables is used to account for insurer's characteristics. Stock ownership dummy is equal to 1 for stock insurer and equal to 0 otherwise. Group dummy is equal to 1 if the insurer is member of a group of insurers and equal to 0 otherwise. We define six dummy variables to account the insurer credit quality. Class 1 dummy is equal to 1 if insurer's rating is A + + or A +. Class 2 dummy is equal to 1 if insurer's rating is A. Class 3 dummy is equal to 1 if insurer's rating is A −. Class 4 dummy is equal to 1 if insurer's rating is B + + or B +. Class 5 dummy is equal to 1 if insurer's rating is B. Class 6 dummy is equal to 1 if insurer's rating is B −.
Summary Statistics
Summary statistics for the variables are presented in Table 1 for two different samples of insurers. and Assets we observe that these insurers are about twice the size of those in the total available population composed of 1,636 insurers and 9,129 observations (Sample 2). A third sample of insurers also is analyzed as a robustness check. This sample represents 1,013 insurers totalizing 5,549 observations. Table 2 presents the estimation results of two models. Model 1 is the one which is closer to the literature reference model used to compute cost efficiency (Berger, 1993; Berger, Cummins and Weiss, 1997 , and their references). In this model, the coefficients associated with the intermediate outputs are
Empirical Results
fixed. Model 2 corresponds to the translog model of Equation (14) means that high risk insurers (those with less risk management activities) have higher insurance costs. Table 3 presents results with larger samples using a single output measure in the specification. As already discussed, in Models 1 and 2 we used only insurers which have strictly positive outputs in the four lines of business. This reduced considerably the numbers of observations. Therefore, both for robustness and market representation, we extended the analysis to a higher number of insurers by summing up the four output variables into a single one. In Model 3, we use the same number of One particularity of our econometric model is related to the shadow prices of the intermediate outputs. Since these two outputs are not traded on markets but inside the firms, they are not directly observable but can be estimated. Estimated shadow prices are illustrated in Figure 1 for risk management and in Figure 2 for financial intermediation using the parameter estimates of Model 2 (with 612 insurers in the sample). 13 In both cases, the average shadow price is positive indicating that, on average, insurance firms in the sample could reduce their costs further by increasing their level of risk and financial 13 Even if shadow prices are computed for each observation in the sample (3,303 observations), Figures 1 and 2 report the firm-average shadow prices (612 firms). For risk management activities, the results correspond to negative value obtained from Equation 15 because increasing risk management decreases asset-liability risk.
management activities. This observation is, of course, consistent with the empirical results presented in Insurance-pooling efficiency results are presented in Table 4 . We look at the efficiency measures computed from the estimates of the five empirical models considered in our analysis. Efficiency (1) is defined by equation (17) and is relative to the most efficient firm in the sample. Efficiency (2) is defined by equation (18) and is relative to the least efficient firm in the sample. For all models, the results are quite consistent: cost differences between 44 and 60% on average compared to the most efficient firms and cost differences between 39 and 55% compared to the least efficient firm. Limiting our analysis to our preferred model (Model 2), we can see that, on average, firms in the sample have costs which are 49%
higher than the most efficient firm in the sample, everything else being equal. Alternatively, we also see that, on average, firms in the sample have costs which are 55% lower than the less efficient firm in the sample used (612 observations) again, everything else being equal. These efficiency measurements must be interpreted as overall insurance-pooling activity efficiency.
Conclusion
This paper tests the role of risk management and financial intermediation activities in value creation by analyzing three samples of U.S. property-liability insurers over the period 1995-2003. We argue that risk management and financial intermediation are activities that may be used by insurers to improve efficiency, where efficiency is gauged by the capacity to reduce the costs of providing insurance.
We measure insurer efficiency by estimating an econometric cost frontier. Because risk management and financial intermediation are key activities for insurers, we treat these activities as endogenous. And, because the prices of risk management and financial intermediation services are not observable, we consider these two activities as intermediate outputs and estimate their shadow prices. The shadow prices are then used to isolate the contributions of risk management and financial intermediation to insurer cost efficiency, as measured by their capacity to reduce costs.
The paper also contributes to the prior literature by developing a theoretical model of value-added in the property-liability insurance industry. This is important because output estimation for financial services firms has been based primarily on the value-added approach in the recent literature. Our model represents a significant extension and generalization of prior models of value-added in the insurance industry. The two most important generalizations are to incorporate the role of solvency risk as a determinant of demand for insurance to explicitly add risk management as part of value added. We also generalize prior models with respect to the financial intermediation function.
The final important contribution of this paper is to introduce a new approach for the estimation of efficiency, which is particularly appropriate for financial institutions. The econometric methodology, borrowed from the exhaustible resources literature (Halvorsen and Smith, 1991; Chermak and Patrick, 2001 ), enables us to estimate the shadow prices of risk management and financial intermediation and thereby to show their contribution to insurer cost efficiency. The estimation of shadow prices is particularly important for financial institutions because many of the services provided by such firms are intangible and not explicitly priced. This is the case for services provided by both insurers and banks, such as risk management and financial intermediation and also for products such as demand deposits, which bundle together a variety of services, most of which are priced implicitly. Thus, our methodology is a promising approach that could be used more widely to analyze financial institutions.
The empirical results clearly indicate that risk management and financial intermediation contribute significantly to enhancing efficiency for property-liability insurers. The average shadow price for both services is positive, indicating that, on average, insurance firms in the sample could reduce their costs further by increasing their level of risk management and financial intermediation activities. The results also reveal that several insurers are quite far from an optimal level of risk management and financial intermediation activities and could further reduce their costs significantly by increasing these activities. However, a few firms are over-producing these intermediate outputs and could therefore improve their efficiency by reducing the level of these activities. In a first step, we assume that there is a solvency risk but the insurer does not use any risk management activity. We propose the following notation:
p is the probability of the solvency risk; e r is the required return by equity holders;
r is the required return by policyholders; a r is the investment return; q e is the insurer expenses for risk pooling and financial management as proportion of expected insurance coverage Q; it is paid even when the insurer is insolvent.
So, the premium can be written as: (1 ) = + + e W Q e r E , we obtain:
